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(54) Surface discharge plasma display panel 

(57) A plasma display panel of a surface discharge 
type is disclosed, which can positively generate the dis- 
charge for display while suppressing the power con- 
sumption even when the number of the electrodes is 
increased for attaining the high definition. A plurality of 
display electrode pairs (x,y) are arranged in proximity 
with each other inside of a pair of substrates opposed to 
each other with a discharge gap formed therebetween. 
Each display electrode (x;y) includes a main pattern (3) 
extending in one direction, independent discharge pat- 



terns (2b) each formed for each luminous area corre- 
sponding to a display cell, and a plurality of auxiliary 
patterns (4) for electrically connecting the main pattern 
(3) and the discharge patterns (2b) to each other. The 
auxiliary patterns (4) are higher in conductivity than the 
discharge patterns (2b) in one embodiment, and are 
integral with the discharge patterns (2b) in another 
embodiment 
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Description 

[0001] The present invention relates to a plasma 
display pane! of a surface discharge type having a plu- 
rality of display electrodes constituting sustain dis- 5 
charge electrode pairs arranged adjacent to each other. 
[0002] The plasma display panel is attracting atten- 
tion as a wall-type display device, and a vigorous effort 
is under way for improving the image quality by improv- 
ing the resolution and suppressing the power consump- w 
tion. 

[0003] First, an explanation will be given of the 
structure of an AC-driven 3-electrode plasma display 
panel of a surface discharge type (hereinafter referred 
to as PDP). Fig. 1 is a perspective view showing a part is 
of the PDP. As shown in Fig. 1, display electrodes (also 
called sustain electrodes) X, Y for generating the sur- 
face discharge along the surface of a substrate are 
arranged, at the rate of a pair on each row L of the 
matrix display, on the inner surface of a front substrate 20 

100 of a transparent glass material. The display elec- 
trodes X, Y, are formed by photolithography and, as 
described in detail later, are each configured with a 
transparent electrode 102 and a bus electrode 103 of a 
metal thin film of a multilayer structure. In order to cover 25 
the display electrodes X, Y and the discharge space, a 
dielectric layer 104 for AC drive is formed by screen 
printing. A protective film 105 of MgO (magnesium 
oxide) is deposited by evaporation on the surface of the 
dielectric layer 104. 3D 
[0004] On the other hand, a plurality of address 
electrodes 106 for generating the address discharge 
are arranged at a predetermined pitch at right angles to 

the display electrodes X, Y on the inner surface of the 
back substrate 101. The address electrodes 106 are 35 
also formed by photolithography and are made of a 
metal film of a multilayer structure like the bus elec- 
trodes 103. A dielectric layer 107 is formed by screen 
printing over the whole surface of the back substrate 

1 01 including the address electrodes 1 06. Linear parti- 40 
tioning walls 108 about 150 tall, one each between 
each pair of the address electrodes 106, are formed on 
the dielectric layer 107. Phosphor bands 110 of the 
three primary colors R (red), G(green), B (blue) for full 
color display are formed, by screen printing, in such a 45 
manner as to cover the surface of the dielectric layer 

1 07 and the sides of the partitioning walls 1 08 above the 
address electrodes 106. Also, a discharge gas such as 
Ne-Xe (a mixed gas of Ne and Xe) for exciting the phos- 
phor material by radiating ultraviolet light at the time of so 
discharge is sealed in the discharge space 109 under 
the pressure of about several tens of KPa (several hun- 
dred torr). A seal member 111 is formed along the 
peripheral edge of the substrates for sealing the dis- 
charge space 1 09. The front substrate 1 00 and the back 55 
substrate 101 are formed separately from each other, 
are attached to each other and are fixed by the seal 
member 111, thus completing the PDP. 



[0005] Figs. 2A and 2B are a plan view and a sec- 
tional view, respectively, showing the structure of the 
display electrodes of the conventional PDP. The same 
component parts as the corresponding parts in Fig. 1 
are designated by the same reference numerals, 
respectively. As explained with reference to Fig. 1 , the 
display electrodes X, Y constitute a pair, and are each 
comprised of a wide transparent electrode 102 and a 
narrow transparent electrode 103 as seen from Fig. 2A. 
[0006] The bus electrode 103 is made of a multi- 
layer metal such as Cr-Cu-Cr taking the conductivity 
and the matching with the surrounding film into consid- 
eration. The transparent electrode 102 is adapted to 
transmit light to prevent a reduction in luminous efficacy. 
The bus electrodes of the multilayer metal compensate 
for the insufficient conductivity of the transparent elec- 
trode 102. The bus electrode 103 is arranged on the 
outside of each transparent electrode 102 thereby to 
form a luminous area 112 between the two bus elec- 
trodes 103. Each luminous area 112 is defined by the 
partitioning walls 108 indicated by dashed lines formed 
on the back substrate in opposed relation to the address 
electrode 106 indicated by one-dot chains in Fig. 2A. 
[0007] Fig. 2B is a cross sectional view of the dis- 
play electrode taken along the arrow in Fig. 2A. To com- 
plement the foregoing description with reference to Fig. 
1, as shown in Fig. 2B, the transparent electrode* 102 
are formed in contact with the inner surface of the runt 
substrate 100, and the bus electrodes 103 are depos- 
ited on a part of the transparent electrodes 1 02, respec- 
tively. Also, though not shown in Fig. 2A, the dielectric 
member 104 is formed in such a manner as to cover the 
transparent electrodes 1 02 and the bus electrodes 1 03, 
and a protective film 105 is formed on the dielectric 
member 104. 

[0008] In this structure, the main discharge is gen- 
erated between the display electrodes X and Y to emit 
light from the portion selected by the address elec- 
trodes 106. In the light emission, the ultraviolet light 
generated by the discharge excites the phosphor mem- 
ber 1 10 (Fig. 1) and appears as visible light on the front 
substrate 100. 

[0009] In recent years, the trend has been toward 
an increased number of pixels, to meet an HDTV 
requirement, at the sacrifice of increased power con- 
sumption. Specifically, a higher definition of the screen 
of the same size increases the number of electrodes 
and hence the area occupied by the electrodes, result- 
ing in a correspondingly increased power consumption. 
Japanese Unexamined Patent Publication No. 8-22772 
discloses a PDP in which the power consumption is 
suppressed by deflecting or modifying the pattern, or 
shape or path, of the wide transparent electrode and 
thus the area thereof is reduced. Fig. 3 is a plan view 
showing the display electrode pattern for reducing the 
power consumption disclosed in the same publication. 
As shown in Fig. 3, each transparent electrode 122 of 
the display electrodes X, Y includes a plurality ot protru- 
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sions 122a extending in the direction perpendicular to 
the main pattern and each having, at the forward end 
thereof, a discharge unit 122b of a width required for 
discharge. This pattern shape can reduce the area of 
the transparent electrodes 122 remarkably. The bus 
electrodes 123 are formed on the outside of the trans- 
parent electrodes 122, respectively, in the same manner 
as explained with reference to Fig. 2. 
[001 0] The discharge is generated at the opposed 
portions of the adjacent transparent electrodes 122. 
The portions defined by the partitioning walls 128 
opposed to the address electrodes 126 on the back 
substrate constitute a luminous area 129. Therefore, the 
opposed portions of the transparent electrodes 122, as 
long as they are in a predetermined spaced relation with 
each other in the luminous area 129, can generate the 
desired discharge. In view of this, as shown in Rg. 3, a 
pattern formed with the discharge portions 122b having 
a predetermined width through the protrusions 122a, 
respectively, can generate a discharge without any 
problem. Thus, the power consumption can be reduced 
by reducing the area of the transparent electrodes 122. 
[001 1 ] In spite of this, it has been found that the pat- 
tern described above for reducing the area is accompa- 
nied by another problem. Specrfically in view of the fact 
that the transparent electrode film as thin as several 
thousand A may cause a disconnected portion 130 at 
the time of patterning under the effect of the dust or a 
scratch or other damage on the surface of the substrate 
The disconnected portion 130 of the protrusion 122a 
cuts off the conduction to the discharge unit 122b and 
thus naturally prevents the discharge. 
[001 2] - U.S. Patent Serial No. 5640068, on the other 
hand, discloses a PDP with the brightness increased by 
reducing the shielding area of the luminous area. Fig. 4 
is a plan view showing a display electrode pattern for 
reducing the shielding area disclosed by the well-known 
reference. As shown in Fig. 4, each transparent elec- 
trode 142 of the display electrodes X, Y extends in par- 
allel to the main pattern 143, and the transparent 
electrode 142 and the main pattern 143 are electrically 
connected to each other through a plurality of connect- 
ing patterns 1 44 extending in a direction perpendicular 
to the main pattern 143. The bus electrode 123, like the 
one explained with reference to Fig. 2, is formed on the 
outside of the transparent electrode 122. The connect- 
ing pattern 144, which is formed of a shielding metal 
material, is formed in overlapped relation with the parti- 
tioning wall 148 and therefore the luminous area is not 
shielded. In this pattern, however, the current fbws 
along the transparent electrodes 142 and therefore the 
power consumption cannot be reduced. 
[001 3] Embodiments of the present invention aim to 
provide a plasma display panel of a surface discharge 
type capable of generating a discharge for display posi- 
tively while suppressing the power consumption to low 
level even with an increased number of electrodes for 
realizing a high definition. 



[0014] According to a first aspect of the invention, 
there is provided a plasma display panel of a surface 
discharge type, comprising a discharge pattern for each 
luminous area corresponding to each display cell, in 
5 which each main pattern and the corresponding dis- 
charge patterns are electrically connected to each other 
by at least an auxiliary pattern of higher conductivity 
than the discharge patterns. 

[0015] Specifically, the plasma display panel of a 
io surface discharge type according to the first aspect of 
the invention comprises a pair of substrates arranged in 
opposed relation to each other with a discharge space 
therebetween and a plurality of display electrode pairs 
arranged, in proximity to each other, inside the sub- 
75 strates, wherein each display electrode includes a main 
pattern extending in one direction, a plurality of dis- 
charge patterns formed for each luminous area corre- 
sponding to a display cell, and a plurality of auxiliary 
patterns for electrically connecting the main pattern and 
20 the discharge patterns to each other, and wherein the 
auxiliary patterns are higher in conductivity than the dis- 
charge patterns. 

[001 6] In the first aspect of the invention, the provi- 
sion of the discharge patterns at positions protruding 

25 from the main pattern in the direction at right angles to 
the main pattern of the display electrode can suppress 
the power consumption by reducing the intermediate 
pattern area. At the same time, the main pattern and the 
discharge patterns are connected to each other by the 

30 auxiliary patterns made of a material having a high con- 
ductivity, and therefore a sufficient conductivity can be 
secured between the main pattern and the discharge 
patterns. 

[0017] Preferred embodiments the present inven- 
35 tion will now be described, by way of example only, with 
reference to the accompanying drawings, in which: 

Fig. 1 is a perspective view for explaining the struc- 
ture of a plasma display panel of a surface dis- 
40 charge type; 

Figs. 2A and 2B are a plan view and a sectional 
view, respectively, of the display electrodes of a 
known PDP; 

Rg. 3 is a plan view of a display electrode pattern of 
45 the known PDP for low power consumption; 

Rg. 4 is a plan view of the display electrode pattern 
for reducing the shielding of the luminous area of 
the known PDP; 

Rg. 5 is a plan view of the display electrodes 
so according to a first embodiment of the invention; 

Rg. 6 is a perspective view of the display electrodes 
according to the first embodiment of the invention; 
Rg. 7 is a plan view of the display electrodes 
according to a second embodiment of the invention; 
55 Rg. 8 is a plan view of the display electrodes 
according to a third embodiment of the invention; 
Rg. 9 is a diagram showing an electrode matrix and 
display cells according to the third embodiment; 
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Fig. 10 is a block diagram showing a configuration 
of a plasma display apparatus according to the third 
embodiment; 

Fig. 11 is a diagram showing a frame structure for 
gray scale display of a plasma display apparatus s 
according to the third embodiment; 
Fig. 12 is a voltage waveform diagram showing the 
driving sequence of a plasma display apparatus 
according to the third embodiment; 
Fig. 1 3 is a plan view showing a modification of the w 
display electrodes according to the third embodi- 
ment; 

Fig. 14 is a plan view showing a modification of the 
display electrodes according to the third embodi- 
ment; i 5 
Fig. 15 is a plan view showing the display elec- 
trodes according to a fourth embodiment of the 
invention; 

Ftg. 16 is a plan view showing the display elec- 
trodes according to a fifth embodiment of the inven- 20 
tion; 

Fig. 17 is a plan view showing the display elec- 
trodes according to a sixth embodiment of the 
invention; and 

Fig. 18 is a plan view showing the display elec- 25 
trodes according to a seventh embodiment of the 
invention. 

[0018] .. A surface discharge PDP according to the 
invention has a feature in the structure of the display 30 
electrodes making up sustain electrode pairs, i.e. the 
shape of the pattern thereof. The configuration other 
than the pattern shape of the display electrodes is the 
same as the known configuration shown in Fig. 1 , for 
example, and will not be described below. 35 
[0019] Figs. 5 and 6 are diagrams showing a pat- 
tern shape of the display electrodes of the PDP accord- 
ing to a first embodiment of the invention. Fig. 5 is a plan 
view, and Fig. 6 is a perspective view. As shown in Fig. 
5, display electrodes X, Y constitute a display electrode 40 
pair for generating a sustain discharge. The display 
electrodes X, Y are each formed of a transparent elec- 
trode of n~0, etc. and a bus electrode 3 of a Cr-Cu-Cr or 
the like metal layer. These display electrodes are sym- 
metrically arranged in opposed relation to each other. 
The structure of the transparent electrode 2 and the bus 
electrode 3 is clear from the perspective view of Fig. 6. 
The transparent electrode 2 includes a plurality of pro- 
trusions 2a extending in the direction perpendicular to a 
band-shaped main pattern and a plurality of discharge 
portions 2b of a predetermined width each formed at the 
forward end of the corresponding protrusion 2a. The 
protrusions 2a and the discharge portions 2b are 
arranged at predetermined intervals. The discharge 
portions 2b of adjacent display electrode pairs 1 are 
arranged in opposed relation to each other and the dis- 
charge occurs between the discharge portions 2b. 
[0020] The bus electrode 3 is also formed in the 



shape of band on the main pattern of the transparent 
electrode 2, and a plurality of auxiliary patterns 4 
extending in the direction perpendicular to the band- 
shaped portion are connected to the discharge portions 
2b, respectively, of the transparent electrode 2. The bus 
electrode 3 is made of a Cr-Cu-Cr multilayer metal and 
is so small in electrical resistance that it is formed in the 
thickness of several u.m and is not disconnected in an 
elongated pattern. 

[0021] Even in the case where the protrusion 2a of 
the transparent electrode 2 is disconnected at a portion 
designated by 1 0, the discharge unit 2b of the transpar- 
ent electrode 2 conducts through the auxiliary pattern 4 
of the bus electrode 3, thus making it possible to gener- 
ate the discharge without fail. 

[0022] A major portion of each auxiliary pattern 4 of 
the bus electrode 3 is arranged in overlapped relation 
with the corresponding one of the partitioning walls 5 
(indicated by dashed lines in Fig. 5) on the back sub- 
strate. Therefore, only a small portion of the auxiliary 
pattern 4 interrupts the luminous area 7 and therefore 
the luminous efficacy is not reduced. Also, the presence 
of the auxiliary pattern 4 overlapped with the partition- 
ing wall 5 reduces the external light reflectance and 
improves the contrast. Specifically, the portion of the 
partitioning wall 5 in contact with the back substrate not 
only fails to contribute to the light emission but also 
increases the reflection of the external light as the result 
of phosphor particles attaching and whitening, thereby 
reducing the contrast. In the present embodiment, by 
contrast, the metal auxiliary pattern 4 is black and sup- 
presses the reflection of the external light 
[0023] The address electrodes 6 are each arranged 
between the partitioning walls of the back substrate in 
such a manner as to pass a portion of the transparent 
electrode 2 and cause the crossing point with the 
selected display electrode pair 1 to emit light. In the 
PDP, a multiplicity of such display electrode pairs 1 are 
arranged through non-display slits 8. 
[0024] In the display electrodes described above, 
first, the transparent electrode 2 is formed into a prede- 
termined pattern, and then a multilayer metal is formed 
by sputtering. By patterning this multilayer metal, the 
bus electrode 3 is formed to complete the process. As 
45 shown in Fig. 7, the bus electrode 3 formed later consti- 
tutes a pattern having a step with the transparent elec- 
trode 3. Since the transparent electrode 2 is a fiirn as 
thin as several thousand A, however, the step has no 
adverse effect. 

so [0025] Also, the area of the main pattern of the bus 
electrode 3 is reduced by an amount corresponding to 
the auxiliary patterns 4. Specifically, the total area is 
kept constant in order to secure the desired conductiv- 
ity. Thus, the power consumption is not increased by 
55 forming the auxiliary patterns 4. Further, the transparent 
electrode 2 is spaced from the transparent electrode in 
the adjacent display areas, and therefore the expansion 
of the discharge due to the discharge between the adja- 
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cent portions is limited not to reduce the resolution. 
[0026] Fig. 7 is a plan view showing a pattern shape 
of the display electrodes of the PDP according to a sec- 
ond embodiment of the invention. As shown in Fig. 7, 
the pattern of the transparent electrodes 2 is different 
from the corresponding pattern of the first embodiment. 
[0027] in the second embodiment, each transpar- 
ent electrode 2 is only an island-like discharge portion 
and lacks the protrusions extending from the main pat- 
tern unlike the first embodiment. This is intended to uti- 
lize the auxiliary patterns 4 of the bus electrode 3 
positively but not merely as a supplement in case of dis- 
connection. The partitioning walls 5 and the address 
electrodes 6 are formed on the back substrate at the 
same positions as in the first embodiment for defining 
the luminous areas 7. Also, the transparent electrodes 2 
are not arranged over the whole lower surface of the bus 
electrode 3, thereby further reducing the power con- 
sumption. According to the pattern shape of this 
embodiment, the area of the transparent electrodes 2 
can be further reduced for further reduction in power 
consumption. Each transparent electrode 2 is electri- 
cally connected by the corresponding metal auxiliary 
pattern 4 and therefore is not disconnected. 
[0028] Figs. 8 to 12 are diagrams for explaining the 
PDP according to the third embodiment of the invention. 
Fig. 8 shows a pattern shape of the display electrodes. 
Fig. 9 shows a model of electrode matrix, Fig. 10 is a 
block diagram showing a configuration of the plasma 
display unit including a drive unit, Fig. 1 1 shows a frame 
structure for gray level display, and Fig 12 voltage wave- 
forms indicating a drive sequence. 
[0029] The PDP according to the first and second 
embodiment is configured of a multiplicity of display 
electrode pairs isolated by non-display slits. The third 
embodiment, on the other hand, is applicable to the 
PDP of what is called the ALiS (alternate lighting of sur- 
faces method) system without any non-display slits. 
This system is especially effective for the invention. 
[0030] In the ALiS system, every other electrode is 
alternately discharged so that all the inter-electrode 
gaps are efficiently utilized for light emission. The 
details of the driving will be described later with refer- 
ence to Figs. 9 to 12. This drive system is considered 
essential to the HDTV or digital broadcasting, and can 
very effectively suppress the power consumption. 
[0031] According to the third embodiment as 
shown in Fig. 8, the display electrodes X, Y constitute a 
display electrode pair 1 1 for generating the sustain dis- 
charge. The display electrodes X, Y, like the first and 
second embodiments, are each made of a transparent 
electrode 1 2 of ITD or the like and the bus electrode 1 3 
of a multilayer metal. These component parts are 
arranged in symmetrically opposed relation to each 
other. The bus electrode 13 is a band-shaped pattern, 
from the two sides of which the auxiliary patterns 14 
extend in opposite directions. The Cr (chromium) film of 
the bus electrode 13 is black and opaque and therefore 



the band-shaped pattern prevents transmission through 
the phosphor material on the back substrate through the 
front substrate while at the same time blocking the leak- 
age of the discharge light of the adjacent cells. Thus, 
s the band-shaped pattern functions as what is called a 
black stripe. 

[0032] On the other hand, the transparent electrode 

12 is electrically connected to the band-shaped pattern 
of the bus electrode 12, and includes, in a predeter- 

10 mined spaced relation, a plurality of protrusions 12a 
extending from the two sides of the pattern and a plural- 
ity of discharge portions 12b of a predetermined width 
arranged at the forward end of the protrusions 12a and 
connected to the auxiliary patterns 14, respectively, of 

is the bus electrode 13. The discharge portions 12b of 
adjacent display electrodes are arranged in opposed 
relation to each other for generating the discharge 
between them. 

[0033] As described above; the display electrodes 

20 X, Y according to this embodiment have a pattern 
including a central main band-shaped pattern and pro- 
trusions extending from the two sides of the main pat- 
tern thereby to define each luminous area 17 without 
any non-display slits, thereby meeting the ALiS system 

25 drive requirements. The partitioning walls 15 and the 
address electrodes 1 6 are formed on the back substrate 
at positions similar to those in the first and second 
embodiments for defining the luminous areas 1 7. 
[0034] Also in this embodiment, meeting the drive 

30 requirement of the ALiS system, a protrusion 1 2a of the 
transparent electrode 12 may be disconnected. As in 
the first embodiment, the corresponding discharge por- 
tion 12b of the transparent electrode 12 conducts 
through the corresponding auxiliary pattern 14 of the 

35 bus electrode. Therefore, in spite of the pattern shape of 
low power consumption type, the discharge can be pos- 
itively generated. 

[0035] Apart from the fact that the auxiliary patterns 
14 are symmetric about the main pattern of the bus 

40 electrode 13, a similar effect is produced by an asym- 
metric arrangement (or an arrangement symmetric 
about a point) in which the discharge portions 1 2b of the 
transparent electrode 12 are connected in alternately 
opposite directions. Arranging the transparent electrode 

45 12 under the band-shaped pattern of the bus electrode 

13 with the intention of increasing the bonding power is 
not always necessary. For example, a T pattern config- 
ured with the protrusion 12a and the discharge portion 
12b or an I pattern with the protrusions 12a connected 

so to each other on the two sides of the bus electrode 13 
can also be employed. 

[0036] In the surface discharge PDP according to 
this embodiment, as shown in Fig. 9, M address elec- 
trodes A are arranged as column electrodes, and (N + 
55 1) display electrodes X. Y are arranged alternately and 
equidistantly in the direction perpendicular to the 
address electrodes A. Character M designates the 
number of columns and character N the number of rows 
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on the screen ES. The intervals between the display 
electrodes X, Y are set to about several tens of 
capable of generating the surface discharge with a real- 
istic range of drive voltage (1 00 V to 200 V, for example). 
The display electrodes X, Y drawn in Fig. 9 are thin. 
Actually, however, as shown in Fig. 8, each display elec- 
trode X, Y has a width larger than the interval at which 
they are arranged. 

[0037] The display electrodes X which are odd 
numbered in the sequence along the columns shown in 
the drawing always constitute an electrically common 
group. The display electrodes Y which are even num- 
bered, on the other hand, are controlled and addressed 
by the address electrodes A individually, and when sus- 
taining the turn-on state, constitute a common group 
like the display electrodes X. The group, as it is called 
here, is defined as a group of odd- numbered electrodes 
or a group off even-numbered electrodes, which are 
connected as a common group as shown in Fig. 10. 
Among these display electrodes X, Y, a display elec- 
trode X and a display electrode Y adjacent to each other 
constitute a display electrode pair 1 1 for generating a 
surface discharge and defines a row L (the suffixes in 
the drawing indicate the row numbers). Specifically, 
each of the display electrodes X, Y, except for the ones 
at the ends of the sequence, is in charge of the display 
on two rows L {odd row and even row), and each of the 
display electrodes X at the ends is in charge of the dis- 
play of one row L The row L is a set of cells C located 
in the same of order of arrangement on the columns. 
[0038] Now, the overall configuration of the plasma 
display apparatus will be explained with reference to 
Fig. 10. As shown in Fig. 10, the plasma display appara- 
tus 20 comprises a PDP 30 having the electrode matrix 
described above and a drive unit 40. The drive unit 40 
includes a controller 41, a frame memory 42, a data 
processing circuit 43, a power source circuit 44, a scan 
driver 45, a sustain circuit 46 and an address driver 47. 
The sustain circuit 46 includes an odd X driver 461, an 
even X driver 462, an odd Y driver 463 and an even Y 
driver 464. In the drive unit 40 arranged on the back side 
of the PDP 30, each driver and the electrodes of the 
PDP are electrically connected to each other by a flexi- 
ble cable not shown. 

[0039] The drive unit 40 is supplied with the frame 
data DF in units of pixels indicating the brightness level 
(gradation level) of each color of R, G, B from external 
devices such as the TV tuner and the computer, 
together with the various sync signals (CLK, VSYNC, 
HSYNC). The frame data DF, after being temporarily 
stored in the frame memory 42, has the frame thereof 
divided into a predetermined number of subfields by the 
data processing circuit 43. The value of each bit of the 
subfield data Dsf for gradation display output from the 
frame memory 42 is the information indicating whether 
the cell turn-on is required or not or, strictly speaking, 
whether the address discharge is required or not in a 
subfield. 
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[0040] In the addressing operation, the scan driver 
45 applies a drive voltage individually to the display 
electrodes Y, the odd X driver 461 applies a drive volt- 
age to all the odd display electrodes X at a time, the 

5 even X driver 462 applies a drive voltage to ail the even 
display electrodes X at a time, the odd Y driver 463 
applies a drive voltage to all the odd display electrodes 
Y at a time, and the even Y driver 464 applies a drive 
voltage to all the even display electrodes Y at a time. 

w Forming the display electrodes X, Y into an electrically 
common group is not limited to the connection on the 
panel described above but also applicable to the wiring 
within the drivers or the wiring on the connecting table 
as well. 

75 [0041 ] The address driver 47 applies a drive voltage 
selectively to a total of M address electrodes A in 
accordance with the subfield Dsf. These drivers are 
supplied with predetermined power from the power 
source circuit 44 through a wiring conductor not shown. 

20 [0042] Now, an example of the method of driving 
the PDP 30 will be explained with reference to Fig. 6. In 
driving the PDP 30, the frame F representing the image 
information of one scene is divided into odd fields f 1 and 
even fields f2. In the odd fields fl, odd rows are dis- 

25 played, while in the even fields f2, even rows are dis- 
played. In other words, the information of one scene 
displayed by interlaced fields. In order to display the gra- 
dation (color reproduction) by binary turn-on control, the 
odd fields f 1 and the even fields f2 are each divided into 

30 eight subfields sf1 to sf8, for example. In other words, 
each field is replaced by a set of eight subfields sf1 to 
sf8. These subfields sf 1 to sf8 are weighted so that the 
ratio of brightness thereof is substantially 1:2:4:8:16 
: 32 : 64 ; 128 thereby to set the number of times the 

35 turn-on of each of the subfields sf 1 to sf8 is sustained. 
[0043] The brightness of 256 gradations can be set 
for each color of R, G, B by combining the turn-on and 
turn-off in subfields. Thus, the number of colors that can 
be displayed is given as the third power of 256, i.e. 

40 1,677,216. However, the subfields sfl to sf8 are not 
necessarily displayed in the order of brightness weight, 
but the optimization is possible, for example, by arrang- 
ing the subfield having a large weight at the intermedi- 
ate point of the field period Tf. 

45 [0044] The subfield period Tsfj assigned to each 
subfield sfj Q = 1 to 8) includes an addressing prepara- 
tion time TR for securing a uniform charge distribution 
over the whole screen, an addressing time TA for form- 
ing a charge distribution corresponding to the display 

so contents and a sustain time TS for maintaining the turn- 
on state for securing the brightness corresponding to 
the gradation level. In each subfield period Tsfj, the 
length of the addressing preparation time TR and the 
addressing time TA is constant regardless of the bright- 

55 ness weight. The sustain period TS. however, is longer, 
the larger the weight. In other words, the length of the 
eight subfield periods Tsfj corresponding to one field 
are different from each other, in this embodiment, the 
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brightness weight are all given as 2n (n: integer). Never- 
theless, the weight can be set to other values. Further, it 
is possible that a plurality of subfields of the same 
weight existing in one field can be arranged in random 
sequence as described above. 

[0045] Fig. 12 is a voltage waveform diagram show- 
ing an example of the driving sequence. First, in each 
subfield of the odd field f 1 , a write pulse Prx having a 
crest value exceeding the discharge start voltage is 
applied to all the display electrodes X during the 
addressing preparation time TR. At the same time, a 
pulse Pra is applied for offsetting the write pulse Prx to 
ail the address electrodes A. An excessive wall charge 
is formed in each cell by the surface discharge due to 
the application of the write pulse Prx This wall charge is 
substantially erased by the self-quenching discharge at 
the trailing edge of the pulse. 

[0046] During the addressing time TA, on the other 
hand, a scan pulse Py is applied to each display elec- 
trode Y sequentially for selecting the rows. In synchro- 
nism with the scan pulse Py, the address pulse Pa is 
applied to the address electrodes A corresponding to 
the cells of the selected rows to be turned on thereby to 
generate the address discharge. Also, in order to gener- 
ate the address discharge selectively on the display 
rows, a pulse is applied alternately to the odd display 
electrodes X and the even display electrodes Y. During 
the sustain time TS, a sustain pulse Ps is applied to the 
display electrodes X and the display electrodes Y alter- 
nately for the odd rows and at the same time for the 
even rows. 

[0047] On the other hand, in each subfield of the 
even field f2, the write pulse Prx is applied to all the dis- 
play electrodes X during the addressing preparation 
time TR to erase the wall charge. Also during the 
addressing time TA, as in odd field f1 , the scan pulse Py 
is applied to the display electrodes Y sequentially, while 
the address pulse Pa is applied to a predetermined 
address electrode A. 

[0048] For the even field f2, a pulse is applied to the 
odd display electrodes X and the even display elec- 
trodes Y alternately so that the address discharge 
occurs selectively on the display rows in synchronism 
with the scan puise Py. During the sustain time TS, on 
the other hand, the sustain pulse Ps is applied to the 
display electrodes X and the display electrodes Y alter- 
nately for the even rows and at the same time for the 
odd rows. 

[0049] By driving the electrodes in the manner 
described above, a high quality image can be displayed 
with a low power consumption. 

[0050] Figs. 13 and 14 are diagrams showing mod- 
ifications of the display electrode pattern according to 
the third embodiment. Both modifications have the 
same basic configuration in which the protrusions and 
the discharge portions of the transparent electrode and 
the auxiliary patterns of the bus electrode are formed on 
the two sides of the main pattern including the transpar- 



ent electrode and the bus electrode overlapped with 
each other. 

[0051] First, in the display electrode shown in Fig. 
13, the transparent electrode 12-1 includes protrusions 

5 12a-1 extending from the two sides of the main pattern 
and discharge portions 12b-1 bent from the protrusions 
12a-1, respectively. The protrusions 12a-1 and the dis- 
charge portions 12b-1 are substantially L-shaped and 
are each arranged on the two sides of the main pattern 

io symmetrically about a point with respect to each other. 
The bus electrode 13-1, on the other hand, includes 
auxiliary patterns 14-1 extending from the two sides of 
the main pattern. Each of the auxiliary patterns 14-1 
has the forward end thereof bent and connected to the 

is corresponding discharge portion 12b-1 of the transpar- 
ent electrode 12-1. These auxiliary patterns 14-1 are 
arranged in overlapped relation with the partitioning 
walls 15 not to shield the luminous area 17. 
[0052] In the display electrode shown in Fig. 1 4, the 

20 transparent electrode 12-2 includes trapezoidal protru- 
sions 12a-2 expanding from the two sides of the main 
pattern and discharge portions 12b-2 located at the for- 
ward end of the protrusions 12a-2. The bus electrode 
13-2, on the other hand, includes auxiliary patterns 14- 

25 2 extending from the two sides of the main pattern and 
each having a forward end thereof bent and connected 
to the corresponding discharge portion 12b-2 of the 
transparent electrode 12-2. The auxiliary patterns 14-2 
are arranged in overlapped relation with the partitioning 

30 walls 15 not to shield the luminous area 17. 

[0053] In this modification, the forward ends of the 
auxiliary patterns 14-2 of the bus electrode 13-2 are 
bent in different directions. Since the transparent elec- 
trode 1 2-2 is linearly symmetric about the bus pattern, 

35 however, the forward ends of the auxiliary patterns 1 4-2 
may alternatively be bent in the same direction. 
[0054] Fig. 15 is a plan view showing a display elec- 
trode pattern of the PDP according to a fourth embodi- 
ment of the invention. According to this embodiment, as 

40 shown in Fig. 15, the display electrodes X, Y make up a 
display electrode pair 51 for generating a sustain dis- 
charge. The PDP according to this embodiment, as in 
the third embodiment, meets the requirement of the 
ALiS driving system and is an application of the ALiS 

45 system to the display electrode pattern of the second 
embodiment 

[0055] The display electrodes X, Y each include 
transparent electrodes 52 of ITO or the like and a bus 
electrode 53 of a multilayer metal. These component 

so parts are arranged in opposed symmetrical relation. 
The bus electrode 53 includes auxiliary patterns 54 
formed at predetermined spatial intervals extending 
from the two sides of the band-shaped main pattern. An 
island-like transparent electrode 52 is arranged and 

55 connected to the forward end portion of -each auxiliary 
pattern 54. The transparent electrodes 52 of the adja- 
cent display electrodes are in opposed relation to each 
other for generating a discharge therebetween. 
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[0056] in this embodiment, the transparent elec- 
trodes 52 are constituted of only the island-like dis- 
charge portions and do not have any protrusions 
extending from the main pattern unlike the second and 
third embodiments. This is intended to use the auxiliary 
patterns 54 not only as a mere addition in case of dis- 
connection but positively for discharge. 
[0057] The partitioning walls 55 and the address 
electrodes 56 formed on the back substrate are 
arranged at positions similar to the corresponding posi- 
tions in the second and third embodiments and define 
the luminous areas 57, respectively. Also, the transpar- 
ent electrodes 52 are not arranged over the whole lower 
side of the bus electrode 53, thus further reducing the 
power consumption. With the pattern shape according 
to this embodiment, the area of the transparent elec- 
trodes 52 can be further reduced, making it possible to 
further reduce the power consumption. The transparent 
electrodes 52 are electrically connected by the metal 
auxiliary patterns 54 and therefore are not discon- 
nected. 

[0058] Fig. 1 6 is a plan view showing a display elec- 
trode pattern of the PDP according to a fifth embodi- 
ment of the invention. As shown in Fig. 10, the display 
electrodes X, Y constitute a display electrode pair 61 for 
generating a sustain discharge. This embodiment, like 
the third and fourth embodiments, meets the require- 
ment for the ALiS driving system. 
[0059] As can be seen from the drawings, the dis- 
play electrode pattern according to the fifth embodiment 
is different from that of the fourth embodiment in that the 
auxiliary patterns 64 of the bus electrode 63 are con- 
nected to the two sides of each of island-like transpar- 
ent electrodes 62. This configuration meets the 
requirement in case of disconnection of the transparent 
electrodes 62 while at the same time reducing the area 
of the auxiliary patterns 64. Specifically, the transparent 
electrodes 62 for generating the discharge have a pre- 
determined width for discharge but constitute an elon- 
gated pattern in the other directions, thus giving rise to 
the possibility of disconnection under the effect of dust 
and scratching or damage to the substrate. By connect- 
ing the auxiliary patterns 64 of the bus electrode 63 to 
the two sides of each transparent electrode 62, a prede- 
termined voltage can be applied in case of disconnec- 
tion and therefore the discharge is not interrupted. Also, 
a pattern of the auxiliary pattern 64 extending in the 
direction perpendicular to the bus electrode 63 is not 
required to be provided in one-to-one relation with the 
transparent electrode 62, and therefore the area of the so 
auxiliary patterns 64 can be reduced for smaller power 
consumption. In Fig. 16, an auxiliary pattern 64 is 
formed for every other transparent electrode 62. This 
number can be further reduced. 

[0060] The partitioning walls 65 and the address ss 
electrodes 66 formed on the back substrate are 
arranged in similar positions to those in the second to 
fourth embodiments, and define the luminous areas 57, 



respectively. Fig. 17 is a plan view showing a display 
electrode pattern of the PDP according to a sixth 
embodiment of the invention. This embodiment, like the 
third to fifth embodiments, meets the requirement for 
s the drive of ALiS system. As is clear from Fig. 17, the 
display electrode pattern according to the sixth embodi- 
ment is different from the fourth embodiment in that the 
protrusions (auxiliary patterns) 73a of the bus electrode 
73 are connected to the central portion of the island-like 
w transparent electrode 72. In this configuration, each 
protrusion 73a is arranged within the luminous area 77 
and therefore the luminous efficacy is somewhat 
reduced, but the pattern becomes so simple that the 
fabrication process, such as the patterning, is facili- 
75 tated. 

[0061] Fig. 1 8 is a plan view showing a display elec- 
trode pattern of the PDP according to a seventh embod- 
iment of the invention. This embodiment, like the sixth 
embodiment, meets the requirement for the ALiS drive 
20 system. In the seventh embodiment, no transparent 
electrode is included, but a display electrode pair 81 for. 
surface discharge is formed of only the bus electrode 83 
having a higher conductivity than the transparent elec- 
trode. As shown in Fig. 18, the display electrodes X, Y 
constitute a display electrode pair 81 for generating the 
sustain discharge. 

[0062] The bus electrode 83 making up the display 
electrodes X, Y is made of a metal layer high in conduc- 
tivity such as Cr-Cu-Cr, and protrusions 83a extending 
from the two sides of each band-shaped main pattern 
are arranged at predetermined spatial intervals. The 
discharge portion 83b is arranged at the forward end 
portion of each of the protrusions 83a, so that the pro- 
trusion 83a and the discharge portion 83b make up a 
substantially L-shaped pattern. The discharge portions 
83b of the adjacent ones of the display electrodes are 
arranged in opposed relation to each other to generate 
the discharge between them. 

[0063] The protrusions 83a of the bus electrode 83 
are arranged in overlapped relation with the partitioning 
walls 85 on the back substrate. From each of the over- 
lapped portions, the discharge portion 83b is formed by 
being bent toward the luminous area 87. This discharge 
portions 83b, though higher in conductivity than the 
transparent electrodes, are made of a metal layer capa- 
ble of shielding the light. Thus the luminous area 87 is 
masked without transmitting the light. However, the 
reduction of the brightness is prevented by setting the 
length of the discharge portion 83b to a required mini- 
mum for discharge. 

[0064] According to this embodiment, the transpar- 
ent electrode is not required, and therefore it is possible 
to remarkably reduce the number of processes and 
equipment for forming the display electrodes. 
[0065] As described above, according to this inven- 
tion, the discharge patterns are located at positions in 
spaced relation from the main pattern of the display 
electrode, and therefore the power consumption can be 
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suppressed by eliminating the patterns therebetween, 
and the disconnection between the main pattern and 
the discharge patterns can be prevented by connecting 
them with auxiliary patterns made of a material high in 
conductivity. 

[0066] The present invention is effectively applica- 
ble to a high-definition plasma display panel including a 
multiplicity of electrodes in the display area, and espe- 
cially produces a large effect in an application, as a driv- 
ing method, using all the inter-electrode spaces for 
display. 

Claims 

1 . A plasma display panel of a surface discharge type 
comprising a pair of substrates opposed to each 
other with a discharge space formed therebetween 
and a plurality of display electrode pairs arranged in 
proximity to each other between said substrates: 

wherein each of said display electrodes 
includes: 

a main pattern extending in one direction; 
a plurality of discharge patterns each formed 
for each luminous area corresponding to a dis- 
play cell; and 

a plurality of auxiliary patterns for electrically 
connecting said main pattern and said dis- 
charge patterns; and 

wherein said auxiliary patterns are higher in 
conductivity than said discharge patterns. 

2. A plasma display panel of a surface discharge type 
according to claim 1 , 

wherein said discharge patterns are each 
formed of a transparent electrode material for trans- 
mitting visible light, and said main pattern and said 
auxiliary patterns are formed of a metal material 
higher in conductivity than said transparent elec- 
trode material. 

3. A plasma display panel of a surface discharge type 
according to claim 1 , 

further comprising a plurality of coupling pat- 
terns made of a transparent conductive mate- 
rial transmitting the visible light for connecting 
said discharge patterns and said main pattern 
to each other. 

4. A plasma display panel of a surface discharge type 
according to claim 3, 

wherein said main pattern has a multilayer 
structure of a transparent conductive material layer 
and a metallic material layer, each of said discharge 
patterns and each of said coupling patterns are 
formed integrally with the corresponding one of said 
transparent conductive material layers of said main 



6. A plasma display panel of a surface discharge type 
according to claim 1 , 

wherein first and second sets of said dis- 
charge patterns and said auxiliary patterns are 
arranged on the two sides of said main pattern, 
respectively, and said first and second sets of said 
discharge patterns are connected to the same main 
pattern by said first and second sets of said auxil- 
iary patterns, respectively. 

7, A plasma display panel of a surface discharge type 
according to claim 1 , 

further comprising a plurality of coupling 
auxiliary patterns higher in conductivity than said 
discharge patterns for connecting the discharge 
patterns of adjacent display cells. 

8- A plasma display panel of a surface discharge type 
according to claim 1 , 

each said coupling auxiliary patterns being 
formed integrally with the corresponding one of said 
auxiliary patterns. 

9. A plasma display panel of a surface discharge type 
according to claim 1 , 

further comprising a plurality of non-dis- 
charge slits for isolating adjacent display electrode 
pairs not to generate the surface discharge 
between said adjacent display electrode pairs. 

10. A plasma display panel of a surface discharge type 
according to claim 1 , 

wherein said discharge patterns of said dis- 
play electrode pairs are arranged with a surface dis- 
charge gap formed therebetween. 

11. A plasma display panel of a surface discharge type 
according to claim 10, 

wherein a plurality of display electrode pairs 
are arranged equidistarrtly. 

12. A plasma display panel of a surface discharge type 
comprising a pair of substrates opposed to each 
other with a discharge space formed therebetween 



pattern, and each of said auxiliary patterns is 
formed integrally with the corresponding one of said 
metallic material layers of said main pattern. 

5 5. A plasma display panel of a surface discharge type 
according to claim 1 , 

further comprising a plurality of partitioning 
walls extending in the direction perpendicular to 
said main pattern for defining said luminous areas 
w of said display ceils; 

wherein said auxiliary patterns are arranged 
in overlapped relation with said partitioning walls, 
respectively. 
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and a plurality of display electrode pairs arranged in 
proximity to each other between said substrates: 

wherein each of said display electrodes 
includes: 

5 

a main pattern extending in one direction; 
a plurality of discharge patterns each formed 
for each luminous area corresponding to a dis- 
play celt; and 

a plurality of auxiliary patterns for electrically 10 
connecting said main pattern and said dis- 
charge patterns; and 

wherein said main pattern, said discharge pat- 
terns and said auxiliary patterns are formed 
integrally with each other by a light-shielding is 
metal material. 

1 3. A plasma display pane! of a surface discharge type 
according to claim 12, 

further comprising a plurality of partitioning 20 
walls extending in the direction perpendicular to 
said main pattern for defining said luminous areas 
of said display cells; . 

wherein said auxiliary patterns are arranged 
in overlapped relation with said partitioning walls, 25 
respectively. 

14. A plasma display panel of a surface discharge type 
according to claim 12. 

further comprising a plurality of non-dis- 30 
charge slits for isolating adjacent display electrode 
pairs not to generate the surface discharge 
between said adjacent display electrode pairs. 

1 5. A plasm^ display panel of a surface discharge type 35 
according to claim 12, 

wherein said discharge patterns of said dis- 
play electrode pairs are arranged with a surface dis- 
charge gap formed therebetween. 

40 

16. A plasma display panel of a surface discharge type 
according to claim 1 5, 

wherein a plurality of display electrode pairs 
are arranged equidistantly. 

45 
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with each other inside of a pair of substrates opposed to 
each other with a discharge gap formed therebetween. 
Each display electrode (x;y) includes a main pattern (3) 
extending in one direction, independent discharge pat- 
terns (2b) each formed for each luminous area corre- 
sponding to a display cell, and a plurality of auxiliary 
patterns (4) for electrically connecting the main pattern 
(3) and the discharge patterns (2b) to each other. The 
auxiliary patterns (4) are higher in conductivity than the 
discharge patterns (2b) in one embodiment, and are 
integral with the discharge patterns (2b) in another 
embodiment. 
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